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Summary 
 
Since the opening of the German energy market and against the background of 
decreasing investments, people have been searching for solutions to operate 
existing, historically grown medium-voltage cable grids with the available financial 
means in the most efficient way.  
So far, the emphasis was primarily focussed on estimations of the grid reliability as 
well as assessments regarding the risk of fault. The purpose of this was to optimise 
maintenance strategies and to reduce costs. 
Within this paper a model will be presented, which supports the evaluation of 
investment options in medium-voltage cable grids. Thereby a database adapted to 
the existing demands is a precondition. Considering several aspects, these data 
were entered into a self-developed simulation program. 
It was shown by means of an example: based on existing data of a power  utility, an 
appropriate simulation program can help to justify or to reject investment intentions or 
strategies. 
 
Initial Situation 
 
Attributable to the liberalisation of the energy markets, power utilities reduced their 
investments in power transmission and distribution networks from € 2,449 M in 1999 
to € 1,650 M in 2003 [1]. This means a reduction to 67%. 
Although, since 2003 the investments increase, the medium- and long-term effects of 
these already realised investment decisions and strategies on the reliability and 
quality of the power supply are of particular interest [2]. This applies especially to the 
German regulatory authority (Bundesnetzagentur). 
The availability of electricity is one of the key criteria for the assessment of the supply 
quality. It is mainly determined by the medium-voltage power grid [3], especially by 
the condition of the existing cable installations. For that reason, we will deal in the 
following especially with the effects of investment strategies in medium-voltage cable 
grids. The presented assessment model shall address technical as well as economic 
factors.  
As a medium-term result of analysis an optimum solution for the question of 
economic sustainable placed investments is expected, which matches the interest of 
all power utilities as well as the interests of the electricity customers represented by 
the Bundesnetzagentur. So far, the aim is to identify, to prioritise and to summarise 
appropriate sub-aspects in a common optimised target function. 
 
Course of Action 
 
As a result of the considered real systems, a high degree of complexity and 
heterogeneity is anticipated. This can be attributed to the historical growth of the 
power grids and the former aspiration of developing structures with highest possible 
reliability. Figure 1 shows a course of 
action to be used as a structured 
approach [4].  
The initial point is hereby the analysis of 
the current cable resources. As other  
relevant resources of the medium-voltage 
distribution grids cable joints and cable 
terminations were identified. For 
simplification , we break down the grid 
and focus solely on medium-voltage 
cables. Furthermore we assume that it is 
impossible to maintain the considered 
cables. With this in mind we proceed with 
the fact, that only replacement and new 
investments are relevant. 
The question on how to use the available  investment appropriations in the most 
efficient manner has to consider many different aspects.  
 
 
 
 
Fig. 1 – Genaral procedure 
Specifying of system Borders 
Identification of relevant elements 
Acquisition of data 
Analysis of relevant relations to the 
environment 
Depiction of the results of the analysis 
Analysis of attributes of relevant system 
elements 
Some of them are 
· operators experience  
· type, age and structure of the used equipment 
· the internal fault statistics of the utility 
· procedures of condition assessment [5] and the emerging results  
Based on this knowledge in combination with additional facts and data it is possible 
to create a solution support system for evaluating the profitability of investments. A 
conceivable system is shown in Figure 2.  
The key challenge is the identification of the relevant factors. Additional it is 
necessary to find opportunities for an objective assessment of those. A possible 
approach is shown in Figure 3. 
Since it must  be assumed that the relevant data have to be gained from  several 
software tools, which may have  different types of data format and cause  
incompatibilities  to each other. With this in mind, it is necessary to develop a 
universally applicable identification system. This enables a more sophisticated 
assignment to different utilities and to various regional parts of one utility grid. 
Furthermore, this allows a classification on the basis of structural characteristics. 
Afterwards, an analysis of the current cable resources in terms of age structure and 
existing cable types is necessary. As a result, it is expected to gain a profound 
overview over the existing cable grid. 
In contrast to high-voltage equipment, gaps in documentation can be assumed. 
Moreover, due to the various dedicated software tools the different data stocks often 
 
 
Fig. 2 – Proceeding 
show inconsistencies. 
By solving these problems, a proved database of the existing equipment can be 
transformed into an analysing system. 
A conflation of the relevant parameters from this database, as shown in Fig. 3, yields 
in further consideration of external conditions a basis for the development and 
simulation of alternative investment strategies. Special attention needs to be placed 
on the experience of the operator with the applied equipment and the fault statistics, 
which is the base for the fault assessment of the simulated structures. Resulting from 
grid segments which  do not meet  the requirements  of oil-paper-cable, for example 
a segment with oil-paper and XLPE cable in one section, special care of conspicuous 
oil-paper-cable segments is necessary [6].It can be assumed, that in these sections 
no oil-flow is possible. This can be an indicator for dry oil-paper-cable parts, which 
tend to a higher fault rate in comparison to maintained oil-paper-cable parts with a 
very low fault rate. While ensured statements are still missed, one should take the 
worst case as a starting point, i.e. interrupted oil-paper-cables. However, this may 
lead to higher costs, which refer to a premature replacement of oil-paper cable 
segments. To solve this problem, a more sophisticated view on the structure of the 
 
 
Fig. 3 – Course of action 
· Analysis of plausibility between fault statistics tool, Geo-
Information System (GIS) and SAP-System 
 
Analysis & classification of 
equipment stock 
Analysis of the data quality 
within different software 
Development of an ID 
system 
Development of a data 
pool and a database  
Development of a 
simulation software 
Simulation 
Application of results 
· Data acquisition based on different software tools 
· Classification by different criteria 
· For assignment of company, grid part and structural 
characteristics 
 
· Development of an appropriate database  
· Specification Data acquisition based on different software 
· Identification of sophisticated simulation parameters as 
well as input and output values 
 
· Assumption of investment strategies 
· Assignment of facts to the results of the simulation 
 
· Assignment of fault rates on the present equipment stock 
· Determination of expected fault costs for comparison 
oil-paper-cables is necessary. Different maintenance strategies are one of the results 
of this differentiation.  This requires a further distinction of all cable resources on the 
basis of the individual cable stretches and increases the degree of complexity of the 
consideration in general. 
In summary, these considerations conclude that due to the historical growth of the 
grid and the usual procedure in the case of faults the age of a section is not 
homogeneous. This has to be considered in corresponding simulations. 
The objective of identifying weak points requires, as previously mentioned, precise 
fault statistics data of the utility. To obtain convincing results, it is necessary to assign 
faulty parts directly to the respective segment of the grid. This allows for example the 
assignment of a fault to a mixed or a pure oil-paper-cable segment. Another key 
factor is the identification of trends from the condition assessment. At this, the 
recognition and identification of fault patterns plays an important role, which is, 
however, not part of this article. For a comprehensive study of the existing 
distribution grid, the economic parameters of the installed equipment are also 
interesting. A database which meets these requirements forms the basis for 
comprehensive analyses of the existing equipment. 
 
Possible Solution 
 
Initial point was the examination of different medium-voltage cable grids of regional 
power utilities with focus on the preceding considerations. A first key issue was to 
ensure the required minimum 
data quality. At this, the part of 
the utility fault statistics and 
the analysis of the equipment 
stock were of special interest 
and the quality of data was the 
main point to ensure. Based 
on former inversment  values 
of the utilities, it was possible 
to simulate initial reference 
scenarios.  Thus it was proven that the actual investment strategy won’t deliver 
optimum results concerning the forecasted faults within the considered period until 
2016 and beyond. The results are shown in Fig. 6. 
 
Fig. 4 – Expected age structure (reference scenario) 
It has to be mentioned that for this initial simulation, a historically derived, relatively 
high investment quota was taken as a basis. This reflects the high investment 
amounts allocated in the field of cable grids during the 1990s in Eastern Germany.  
It has to be remarked that within this first scenario, the priority of cable exchange was 
set primarily on oil-paper cables. 
With respect to the known high reliability of well maintained oil-paper-cable sections, 
such an approach does not represent an economic optimum.  
This is illustrated by a simulation of the same equipment stock with a volume of 
investments reduced by 50%. In the considered period lower fault rates arose while 
the annual replacement rate declined to below 1.75%. According to this, the amount 
of older cable sections in the grid increases, as shown in Fig. 5. 
The decrease of 
the forecasted 
faults, see Fig. 6, 
was reached by a 
selection and a 
reallocation of the 
available 
investment 
resources to the 
existing equipment. 
In both cases, the 
conducted 
estimation of expected faults was based on the analysis of the fault statistics of the 
 
Fig.  5 – Simulated age structure  
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Fig. 6 – Expected faults 
Expected reference 
Simulated szenario 
utility as well as the fault statistics of the German association of grid operators VDN 
[7]. The results of this analysis were applied to the simulation results. 
The premise of this initial analysis was the assumption of continuous investments in 
the power distribution grid spread equally over the replaceable equipment. Despite a 
halved volume of investment, the surprising result was a fault reduction by about 
50% (Fig. 5). 
This  result refers to all explored cable grids including the grids of several utilities. 
Costs can be assigned to the fault predictions obtained by simulation and 
assessment. The utility knows about the average directly assignable costs which 
arise from a fault. This enables the utility to determine the costs emerging due to 
realised or postponed investments. 
This applies likewise to the estimation of potential future obligations regarding quality 
regulation the utilities have to reckon with. [8] 
 
Conclusion 
 
To sum up, one can say that a system for investment assessment in medium-voltage 
cable grids has to be able to model and simulate highly complex relations. These 
relations are the result of historically grown structures and versatile relationships to 
the economic and regulatory environment. 
In a first step, a system for simulating the ageing of the grid on the basis of simple 
relations in medium-voltage power grids was developed. It is possible to show the 
expected age structure of the grid on a cable segment basis. This allows an 
assessment of expected faults by using historical fault rates. By applying present 
fault costs to the results of the simulation it is possible to determine future fault costs. 
So the simulated fault and cost scenarios enable further assessments and the 
development of investment strategies.  
The benefit of this approach is the selective identification of weak segments and thus 
of direct investment needs attributable to the consideration on cable segment level. 
Moreover, these considerations are transferable to the future. This enables an 
estimation of the advantages of investments effected today. 
With the simulation facility a first software tool has been realised which allows such 
considerations. 
Especially the use of historical data for fault probability is a critical factor. The same 
applies to the differently assumed attributes of mixed and pure oil-paper-cable 
sections. 
This shows a significant challenge for research and action in these cases and also in 
the framework of assessments concerning the investment profitability in the medium-
voltage cable grid.  
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